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if the catch were adjusted to that which the resource could continuously must be kept free of n 
produce under best management practices. For the salmon fishery of the boats had first chal 
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wandering too far into fields of conjecture. from Collinsville to 
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-== 
Col. 1 Col. 2 Col. 3 Col. 4 -- --.. 

Average Column 1 Calculated Catch per 
percent of expanded average month 

yearly catch for closed percent of calculated 
1946-1955 periods yearly catch from Col. 3 

J a n u a v - - - - - - - - - - - - - - - - - - - - - - - - - -  .69 .69 .39 31,000 
e a  2.15 2.15 1.21 96,000 
March--------------------------- 1.88 1.88 1.06 84,000 
April-. - - - - -. - - . - - - - - - - - - - - - - -. - - - 3.15 3.15 1.78 141,000 
May- .. - -. . - .- . -- - --  --  - - --  --  - - - - - 5.62 5.62 3.17 250,000 
June-----------------------------  1.05 2.10' 1.18 93,000 
July---------------------------- .  6.05' 3 .41  269,000 
g u t  7 .  ;O 1 0 . 0 0 ~  5.64 445,000 
September --.-- - -  -. . - - - - - - - -  - - -  - -  - 76.53 88.30' 49.85 3,935,000 
October- - - - - - - - - - - - - - - - - - - - - - - - - - - -  54.636 30.84 2,435,000 
November- - - - - - -  - - - - - - - - - -  - - - - - - - .77 1 ,548 .87 69,000 
December - - - - - - - - - - - - - - - - - . - - - - - - 1.06  1 .06 .60 47,000 

100.00 177.17 100.00 7,895,000 

CALIFORNIA F I S E  AND QAME 

TABLE 1 
Theoretical Catch of a Gill Net  Fishery Operating All Year 

; catch in 1946 was 3,674,C 
tember 26. Had fishing ( 

would almost certainly ha 
would expect from our hy 

The 1946 fleet had 219 
many of them; they got in 
the tide, and on the bettc 
turn. Each boat caught r 

1 June-Col 1 doubled (15  days  closed). 
worse for the boat behill 

9 July-Interpolated between J u n e  a n d  August  ( a f t e r  expanding Avg ). drifts would have had a n 
8 Aug -x 31/22 ( 9  days  closed). 

Sept -X 30/26 ( 4  days  closed) as many boats fishing onl. 
5 Oct 'used ra t lo  of Sept. to O c t  catches taken by Fish and  Game e m ~ l o y e e s  In 

tagging t raps  operated In the  lower Sacramento River 1953-1956 
NOV.-ooubed (16 days  closed). The 59 poorest boats t c  

maining 160 boats took 01 

the same rate through Se] 

Sacramento-Sat 

Catches in 
thousands 
of pounds 

Under  5,000 ------- 
5,000- 9,999 ------ 

10,000-14,999 ------ 
15,000-19,999 
20,000-24.999 ------- 

HOW MANY B O A T S  WOULD BE REQUIRED? 25,000-29,999 
30,000-34,999 

The Sacramento-San Joaquin gill-net fleet increased from about 100 38,000-39,999 ------ 
boats in 1872 to about 750 in 1909 and then gradually declined to about 40,000-44,999 ------ 

45,000-49,999 ------ 
150 in the mid-30's. In  1946, each of 242 boats landed 1,000 pounds or 
a See Hallock, F ry ,  a n d  LaFaunce  ( 1 9 5 7 ) .  The  t raps  were fished through September 

and  October In each of four  years ,  bu t  were operated f rom June  through ~ u g u s t  
in only one year. 4 F r o m  F r y  (1949) ,  and  unpubli 
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hypothetical fleet would have power-driven net rollers and one man 
could handle a boat except during the height of the fall season. How 

. many such boats, placed in the most strategic areas, would be required 

nding Avg.). 

~h and Game employees ln 
1963-1966. 

lgust and the last four 
stimate of the probable 

TABLE 2 
Sacramento-San Joaquin River Fishery, September 1946 

Salmon Boat Catches 
Number 

thousands 

Under5,000 ........................................ 30 
5,000- 9,999 ........................................ 29 

10,000-14,999 ........................................ 30 
15,000-19,999 ........................................ 46 
20,000-24.999 ........................................ 39 

iQUIRED? 25,000-29,999 ........................................ 29 
30,000-34,999 ........................................ 12 
35,000-39,999 ........................................ 2 
40,00044,999 ........................................ 1 
45,000-49,999 ........................................ 1 - 
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~ l e e t  Needed tc 

January.-. . - - - -. - - - - - - - - - - - - - - - - - - 
February----------_-------------- 

as nylon nets with which they were c~mpe t ing .~  Monofilament nets have March----.---..----------------- 
been outlawed in  Washington and British Columbia-they are too ef- ~ ~ r i l - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

May---.------.---.--------------* 
June--..--.---.------------------- 

The 3,900,000 pounds that the 160 "high" boats in 1946 would have JU~Y--- - - - - - - - - - - - - - - - - - - - - - - - - - -  

taken had they been allowed to fish through September 30 were about 
Auguet-.. . --- - . - --- - - - - --  - - - - - - - - 
September ---- - - - - - - - - - - - - - - - -  - - - - - 

what our hypothetical fleet would be expected to take in September. October. - - - - - - - - - - - - - - - - - - - - - - - - - 
Without their 59 inefficient competitors, a somewhat smaller fleet could 

November--- - - . - - - - - - - - - - - - - - - - - - 
December.. -. - - - - - - - - - - - - - - - - - - - - - 

have done the job. Probably fewer than 40 boats would be required to 
take 3,900,000 pounds if they were using power pullers and fishing in 
the best places with nets capable of catching several times as many fkh, These are  the theoretical catc 
and with salmon at  a higher level of abundance. TO allow for higher of the runs averaged the  8, 

catches in above-average years, I am proposing a hypothetical fleet of Game men believe that  at 
run smaller than show; ab .  

50 boats. These 50 boats would probably be able to take so much fish 
that weekend closures would be needed in most years to permit adequate 
escapement. The lengths of these closures could be varied to suit the 

COS 

sizes of the runs. Because we might wan1 

Thus far  I have stressed the fishery as i t  could be expected to exist the best years, costs will 
in September, since that is the peak month and the one in which, his- boats in the fleet and that  

torically, the largest catches were always made. I n  recent decades, October of every year. D 
October was always closed. Our hypothetical fishery could expect to close the season enough a 
make excellent catches in October. Based upon experimental fishing by maintain the run. We wi] 

department employees near the mouth of the Feather River, October days per month would b 

catches would average about 62 percent as much as those made in Sep- bad weather. (Bad weath* 
September and October, e. 

The Limiting factor during September and October would not only ing the rest of the year, 
be the catching capacity of the nets-it would include the fishermen's Fewer boats would be licc 
endurance. During the rest of the year neither of these problems would in the event smaller catc 

be serious and fewer boats could do the job. Ten boats would probably 
be sufficient to harvest the catch during 6 of the 12 months (Table 3) .  I n  any flshery which is 

I t  might be necessary legally to limit the number of boats by law which most of the fishermen wol 

could fish during months other than September and October, but eco- Historically, many gill-nc 

nomics probably would do a fairly good job of regulation. I n  the past other gill-net fisheries. Sc 
only a small part of the fleet was fishing during poorer months. others had nonfhhing jobs 

An adequate gill-net bl 
6 The most comprehensive comparison of nylon and linen gill-net catches I found was  

that  by Davis and Posey ( 1 9 6 9 ) .  They compare catches made with several mesh 
$6,000. Because our fleet 

sizes and three twine sizes of cotton, two of linen, and flve of nylon tha t  could 
be directly compared with the cotton and Ilnen. Gill nets and trammel nets were 

ing $7,500 per boat-$6,0' 
among the gear tested. (A trammel net is  a highly modifled form of gill net- hull would have a useful 
both gill and trammel nets were used In the Delta salmon flshery.) The number 
of net days of fishing ran into the thousands:Comparing the most effective twine 

about $1,000 a t  the end 
size of nylon with the most effective linen twine size for each mesh size, the $250. The motor would h; 
weight of flsh taken by nylon trammel nets averaged about 2.6 tlmes tha t  taken 
by linen trammel nets, and nylon gill-net catches averaged about 3.6 times those be worth about $300 on 6 
of Hnen gill nets. (Cotton ran  third.) Monofllament was not Included in their 
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TABLE 3 
Fleet Needed to Harvest Sacramento-San haquin Salmon 

'These are the theoretical catches that would be made if the timing and relative size 
of the runs averaged the same a8 they did from 1947-66  Department of Fish and 
Game men believe that, at present, the wlnter run would be larger and the spring 
run smaller than shown above. 

COST OF FLEET OPERATION 

Because we might want as many as 50 boats fishing at  the peak of 
the best years, costs will be calculated on the assumption there are 50 
boats in the fleet and that all are allowed to fish during September and 
October of every year. During a poor year, i t  would be necessary to 
close the season enough days per week to let enough salmon escape to 
maintain the run. We will assume that in an average year, 25 fishing 
days per month would be permissible including any lost because of 
bad weather. (Bad weather rarely is a problem in the Delta.) During 
September and October, each boat would be operated by two men. Dur- 
ing the rest of the year, only one man per boat would be required. 
Fewer boats would be licensed to fish from November through August 
in the event smaller catches did not automatically reduce the active 

I n  any fkhery which is a t  its peak for only two months each year, 
most of the fishermen would have other jobs during much of the year. 
Historically, many gill-net fishermen migrated to Alaska to work in 
other gill-net fisheries. Some entered other seasonal fisheries and still 
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fishermen themselves. ( I t  nearly always is.) Using $20 per working day 
as a fisherman's wages and allowing 20 days per year of maintenance Income an 

work, would add $400 per year to maintenance. Average gross income : 
A nylon net which normally would have a life of about two years 7,895,000 Ibs. of salmon a t  

can be purchased for about $1,500. To allow for accidents and for Less:  Total cost of operating 
heavier usage than normal, I based costs on a useful life of 14 years 
at  $1,000 per year. Allowing 20 days per year of a fisherman's time for P O T E N T I A L  NET  PRC 

net work adds $400. Potential net profit per pound 
All these costs total $2,470 per year per boat exclusive of fuel and Potential net profit per fish 1 

oil. Gasoline and oil would probably cost about $6 per day nr $150 per 
25-day boat month. Fuel and oil costs will, of course, be applicable only 
when boats are operating. The 1959 salmon catch 

Fishermen would be making wages if working at  nonfishing jobs received an average of $ 
so, for determining costs and profits, fishermen's wages while fishing gill-net caught fish sold - 
were calculated at  $20 per day with no allowance for overtime and as soon as salmon leave t 
were then included in the expense of operation. Profits, as used here, and take on spawning co] 
would be the amount over and above all expenses, including wages. gill-net fish prices, the a\  
According to the costs just given and the fishing schedule in Table 3, the last five years of the 
the calculated cost of operating the entire fleet for a year would be as  75.5 percent of the t ro  
$323,000 (Table 4). 99 percent in 1954. The 1 

Salmon are high-priced fish. The public has always been willing to the 1959 catch would ha- 
buy the entire California catch and usually additional tonnages that pound. A 7,895,000-poun, 
are imported into the State as well. Since our hypothetical fishery The fishermen would ha\ 
will be operating in the future and because its costs are all based on their boat operation cost 
current prices, I have used the latest price figures available in detail, This is the equivalent of 
i.e., those of 1959. The 1960 prices were higher, but I lack full details. landed, or about $8.45 pe  

These are the profits a 
TABLE 4 had owned and harvestc 

Cost of Operating a 50-Boat Fleet much as a farmer owns 
appropriate adjustments 

Boat, other than fuel to calculate net benefits 
Hull $6,000 ; useful life 20 years ; sale vnlue $1,000 ; power project is able tc 

cost per yenr------------------------------------ $250.00 new ones. 
Motor $1,500 ; useful life 10 years ; turn-in $300 ; This method takes no . 

cost per year- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  120.00 calculations i t  was assun 
Boat and motor maintenance, cash outlny per year------- 300.00 to the hypothetical comm 
Fisherman's time on maintenonce, 20 days per year 

at  $20 per day------------------------------------ 400.00 
addition to the existing ( 

fore, be in addition to con 

Purchase price $1,500; useful life 11 years ; 
cost per year-------------------------------------- 1,000.00 

Fisherman's time spent maintaining net, 2 0  days When water or power 
a t  $20 per day------------------------------------ 400.00 essary under California i 

Tota l  per boat other than fuel or wages of the threatened fishery 
of fisherman while fishing, per year ------------- $2,470.00 ways maintain the fisher3 

Total  cost of fleet of 50 boats, per year .......................... $123,500.00 To obtain funds to enh 
Fuel, 230 boat-months a t  $150.00 per boat-month- of extra fish produced w 

total per year---------------------------------------------- 34,500.00 The methods presentl. 
Wages of Fishermen (exclusive of maintenance) varied, and none is direc 

330 man-months a t  $600 per 25-day month ...................... 165,000.00 the value of other benefic 
T O T A L  C O S T  O F  O P E R A T I N G  F L E E T  O F  50 BOATS,  7 According to Cope and Slatel 

P E R  Y E A R  ........................................ $323,000.00 was 22.23 pounds during 1 



 ork king day 
naintenance .. 

.t two years 
t s  and for 
of 14 years 
n's time for 

of fuel and 
or $150 per 
dicable only 

.fishing jobs 
vhile fishing 
vertime and 
s used here, 
ding wages. 
in Table 3, 

rr would be 

n willing to 
,nnages that 
tical fishery 
$11 baied on 
,le. in detail, 
full details. 

Cost 

0 

1 
1 

3 

POTENTIAL SALMON PROFITS 265 

TABLE 5 
Income and Profit from the Hypothetical Fishery 

Average gross income : 
7,895,000 lbs. of salmon at $0.421 per Ib .------------------------- $3,324,000 

Less: Total cost of operating fleet 323,000 
(see Table 4)  

POTENTIAL N E T  P R O F I T - - - - - - - - - - - - - - - - - - - - - - - -  $3,001,000 

Potential net profit per pound of salmon landed ------------------------ $0.38 
Potential net profit per fish landed .................................. $8.45 

The 1959 salmon catch was landed entirely by trollers who, in 1959, 
received an average of $0.468 per pound for their fish. Traditionally, 
gill-net caught fish sold for a trifle less than troll-caught fish, because 
as soon as salmon leave the ocean some begin to lose their ailvery color 
and take on spawning colors. To determine the ratio between troll- and 
gill-net fish prices, the average received for each was compared during 
the last five years of the gill-net fishery. Gill-net fish sold for as little 
as 75.5 percent of the troll fish price-per-pound in 1955 and as much as 
99 percent in 1954. The five-year average was 90 percent. At  this rate, 
the 1959 catch would have been worth 0.9 times $0.468, or $0.421 per 
pound. A 7,895,000-pound catch would have sold for about $3,324,000. 
The fishermen would have received roughly $3,000,000 over and above 
their boat operation costs and their wages of $20 per day (Table 5) .  
This is the equivalent of a profit of 38 cents for each pound of salmon 
landed, or about $8.45 per fish.7 

These are the profits a 50-boat fleet could have made if the operators 
had owned and harvested the Sacramento-Ban Joaquin salmon runs 
much as a farmer owns and harvests crops grown on his land. With 
appropriate adjustments a .  prices change, these figures can be used 
to calculate net benefits to commercial salmon fisheries if a water or 
power project is able to enhance existing salmon runs or establish 
new ones. 

This method takes no account of sportfishery values. In making the 
calculations it was assumed there would be a sportf%hery in  addition 
to the hypothetical commercial fishery just as there is a sportfishery in 
addition to the existing commercial fishery. Sport values would, there- 
fore, be in addition to commercial values. 

SUMMARY 

When water or power projects might damage a fishery, i t  is not nec- 
essary under California and federal law to determine the dollar value 
of the threatened fishery, to obtain fishways or hatcheries, or in other 
ways maintain the fishery a t  its natural preproject level. 

To obtain funds to enhance a fishery, it is necessary to show the value 
of extra fish produced will exceed the cost of producing them. 

The methods presently used to evaluate commercial fisheries are 
varied, and none is directly comparable with methods used to calculate 
the value of other beneficial uses of water. 
7 According to Cope and Slater (1967) the average weight of a glll-net caught salmon 

was 22.23 pounda durlng 1947-1949. 
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The net-economic-yield concept is not applicable to a fishery in which 
everyone can participate and in which efficient methods are outlawed 

briefly considered and costs are calculated for operating a hypothetical 
gill-net fleet in the Sacramento-San Joaquin Delta. ( I t  is not proposed 
that gill netting be legalized-the study is strictly for calculating 

fishing for Sacramento-San Joaquin salmon would be in the Delta. 
Similar fisheries could be established in other rivers. 

The historical gill-net fishery was outlawed in 1957 after its efficiency 
had been reduced by overcrowding, closed seasons, and closed areas. I t  
could take only those fish which escaped the trollers. 

The harvest in the Delta could be at least as large as the total ocean 
salmon catch off California because ,landings of Sacramento-San Joa- 
quin salmon presently made off Oregon, Washington, and Canada 
exceed catches made off California of salmon from all other rivers. 
California's 7,895,000-pound average annual catch (1952-1961) was 
used as the normal catch of the hypothetical gill-net fleet. 

The probable monthly distribution of the catch was determined from 
gill-net catch records and from some experimental fishing during the 
closed season. 

The largest gill-net catch for which we have detailed records was 
made in 1946 when 6,463,000 pounds of salmon were taken. The season 
closed September 26 when fishing was a t  its peak. In  September, 219 
boats were fishing, including a number of unsuccessful ones. The fishing 
grounds were seriously overcrowded and the fishermen were using 
linen gill nets which were pulled by hand. By doing away with lengthy 
closed seasons and by using nylon or monofilament nets (which have 
been proven much more effective) and mechanical net pullers, a fleet of 
50 boats manned by good fishermen could land the same poundage. 
The 50 boats would be needed only during the peak months of Sep- 
tember and October. 

The cost of purchasing, maintaining and operating such a fleet would 
be about $323,000 per year, including $20 per day for time spent by 
each fisherman either while fishing or doing maintenance work. 

The gross income at  1959 prices, about $3,324,000 per year, would 
yield a net profit of over $3,000,000 which is the equivalent of 38 cents 
per pound or $8.45 per fish landed. 

Thus, 38 cents per pound or $8.45 per fish would be a justifiable 
amount to allow when calculating net benefits to the commercial salmon 
fishery that would result from enhancing existing runs or establishing 
new ones. 

Values of the sport catch are not included in these determinations. 




